Prognostic significance of serum vascular endothelial growth factor and angiopoietin-2 in patients with lung cancer 
INTRODUCTION
Angiogenesis is an essential process for human physiological circumstances that goes on in balance of angiogenic and anti-angiogenic factors. Angiogenesis also promotes tumor progression and metastasis, because a tumor cell needs new vascular supply to growth and persist (1) . Tumor associated angiogenesis proceed in two phases included angiogenic switch (prevascular phase) and vascular phase (2) .
Angiopoietins have been defined in the mid-1990s as a potent angiogenic factors including 4 isoforms called Ang-1, 2, 3 and 4. Ang-1 and Ang-2 are the best identified of them. They act as ligands for Tie-2 that a tyrosine kinase receptor and expressed on endothelial cells plays a major role in this process together with VEGF (3). While Ang-1 stabilizes vessel structure, Ang-2 antagonizes Ang-1's effect by binding Tie-2 receptor competitively. Existence of VEGF is essential for tumoral angiogenesis regulating by Ang-2. Vessels destabilized by Ang-2 may be regress in the absence of VEGF and others angiogenic factors. Thus neovascularization is a dynamic process controlling with many factors (4).
Vascular endothelial growth factor is major, potent and well-defined angiogenic molecule. It has affinity to tyrosine kinases receptor on endothelial cell same as Ang-2 (3). As other malignancies, VEGF levels get higher both serum and tumor tissue in lung cancer cases. According to a study with forty patients with lung cancer serum VEGF levels were significantly higher than twenty-five healthy volunteers (5) . In another analyses with seventy-five NSCLC patients, above cut-off value of 119 pg/mL prognosis significantly decreased compared to values under 119 pg/mL (6) . Angiopoietin-2 is detected high in various malignancies such as prostate, thyroid, acute myeloid leukemia. Lung cancer is one of these malignancies studied in concert with Ang-2. Its' significance regarding with VEGF in lung cancer has not been investigated enough (7) . Knowledges are focusing on especially NSCLC.
We aimed to determinate the levels of VEGF and Ang-2 in patients with lung cancer, and to evaluate an association between these angiogenic factors and clinical, pathologic characteristics and survey of these patients. 
PATIENTS and METHOD

RESULTS
Age distribution of patients was similar between study and control group. Squamous cell was the most frequent cell type with 59 patients. Nearly half of patients had COPD (n: 48) ( Table 1) .
Comparison of Serum Ang-2 and VEGF Levels Between Patient and Control Groups
While the serum Ang-2 levels were higher in patients with lung cancer (23395 pg/mL) than control group (4025 pg/mL) (p< 0.001), there was no difference between subjects and controls for VEGF (2308 pg/mL vs. 2433 pg/mL, p> 0.05) ( Table 2 ).
Both of serum biomarkers had no relation with LDH, serum calcium and performance status.
Comparison of Serum VEGF on Cell Type and Correlation with Ang-2
There was no notable difference between SCLC and NSCLC groups with respect of serum Ang-2 levels (p= 0.4). When considering only NSCLC patients Ang-2 level was minimal higher in SCC than adenocarcinoma. As mentioned above, VEGF was not appropriate to distinguish patients and controls. Nonetheless, mean VEGF levels were significantly lower in SCLC than NSCLC and control patients (p= 0.005 and p= 0.003). Serum Ang-2 and VEGF levels according to histopathological type of lung cancer were shown in Table 2 .
Smoking Status, Existence of COPD in Subjects and VEGF and Ang-2 Levels
Ang-2 was related with smoking. It was higher in smokers (p= 0.024) but amount of pack-year wasn't associated with Ang-2 ( Table 3) .
Because of CODP is a risk factor for lung cancer, we evaluated Ang-2 and VEGF levels according to the existence of COPD in patients with lung cancer. At the end of this analysis, we observed that serum VEGF levels were higher in patients with COPD than patients without COPD, but it was statistically insignificant ( Table 4) . Ang-2 levels were similar between patients with and without COPD.
Evaluation of Serum Ang-2 and VEGF Levels in Terms of TNM Staging and Operability
When Ang-2 and VEGF levels were analyzed according to staging of lung cancer in all patients, the tumor size (T) or lymph node involvement (N) were not correlated with serum biomarker levels. In cases with M1b had more elevated serum VEGF and Ang-2 levels. However, it was no significant, statistically (p= 0.1 and p= 0.5, respectively). Except of SCLC -extensive disease, in all patients with lung cancer serum Ang-2 and VEGF levels showed a poor, positive correlation without significance. Especially stage IIA showed highest correlation (p= 0.1, r= 0.638).
The number of metastatic regions did not affect serum levels of these mediators. In patients with NSCLC, operability showed no effect on serum VEGF and Ang-2 levels.
Association of Serum Ang-2 with Survival
Ang-2 levels were evaluated for survival time due to its' significance compared with control group ( Figure  1 ). Three cut of values were determined according to sensitivity and specificity. They were 8515.73 pg/mL (sensitivity 78%, specificity 76%), 7097 pg/mL (sensitivity 80%, specificity 70%) and 11063.48 pg/ mL (sensitivity 76%, specificity 70%) ( Table 5 ).
In group of patients with NSCLC, there was no relation between survival days and Ang-2 levels; however, the patients with SCLC got lower above all cut-off values (p> 0.05). When the type of lung cancer was analyzed; the cases with adenocarcinoma had lower survival days under all cut-off values especially according to value off 11063.48 pg/mL (p= 0.967). While above value of 11063.48 pg/mL There was no statistically significant difference between operable and inoperable groups with respect to Ang-2 levels; however, survival time of inoperable group was low above all cut-off values without significance. Similarly coexistence of COPD (n= 42) was related to poor prognosis without any significance (p> 0.05).
DISCUSSION
Due to the lack of screening method for early diagnosis, lung cancer is still mortal at the present time (1). Although smoking cessation treatments and awareness of people are increased, new angiogenic mediators are needed to be investigated. Because of angiogenesis is main pathway for tumor development and distant metastasis, the determination of thoroughly validated predictive biomarkers for lung cancer may help to stratify cancer patients and to monitor tumor progression and response to the therapy.
In the view of the previous studies emphasizing the importance of angiogenic mediators, Ang-2 that functioning by tyrosine kinase and activated by existence of VEGF in patients with lung cancer was investigated were evaluated in this study. Literature is overviewed to date; it's known that serum Ang-2 and VEGF levels have been found higher in patients with lung cancer than healthy controls. In contrast to this, there have also been few studies that elevated VEGF and Ang-2 levels could not determine in such patients. Our measurements showed significant differences from control group for Ang-2 levels of patients with lung cancer, but VEGF didn't show any difference as similar to a study (4) . This result may explain with some possible mechanisms: All angiogenic factors and their receptors are produced in tumor cell. In tumor tissue vascular density and angiogenic mediators show heterogeneity. Furthermore VEGF has six isoforms and VEGF189, VEGF206 aren't detectable in serum although they are secreted by tumor tissue. So a tumor tissue couldn't be supposed to release mediators as high as expected. This diversity may affect to the studies done with sera (8, 10) .
In this study, VEGF levels could not be used as a determinant factor for differentiation of cell type of the patients with lung cancer. When Ang-2 levels were evaluated according to the cell type of subjects, there was no difference between SCLC and NSCLC patients. Adenocarcinoma and squamous cell carcinoma were included to present study within the NSCLC group. In a study designed with 136 patients with NSCLC, VEGF and Ang-2 levels were not found differ between the patients with squamous cell carcinoma and adenocarcinoma (4) . Consequently angiogenesis process in NSCLC doesn't seem to show any differences according to the cell type. So it seems to be hard to determine any cut-off values for mediators suitable to predict cell type. But in our study it was noticeable that serum Ang-2 and VEGF levels were lower in SCLC group than NSCLC, significantly. We had limited number of SCLC patients (n= 13) where as there were 87 of NSCLC. When we consider only patients with NSCLC, the results of the study didn't change.
According to available data, existence of COPD and smoking are affecting to the serum VEGF and Ang-2 levels due to inflammatory process (9, (11) (12) (13) . In present study, approximately a half of patients and controls were active smoker, but none of healthy volunteers had COPD. Smoking was found to be related with elevated Ang-2 levels regardless of packyear. However, VEGF levels were not correlated with smoking status of patients with lung cancer, when it was compared to the controls. Why there was no statistically a difference compared to controls for VEGF might be associated with bronchial wall damage due to smoking. But this reason could not help to us to explain the elevated Ang-2 levels in smoker patients with lung cancer. In COPD group, both of mediators were higher than patients without COPD and this elevation was more remarkable for VEGF without significance. Earlier studies have shown that patients with COPD had high VEGF level on bronchial epithelial and it causes pulmonary hypertension in time. Using inhaled corticosteroid and beta-2 agonist treatments were shown to be responsible decreasement of VEGF by in vitro studies (12) . In our study it is a limitation that we couldn't consider if a patient is in exacerbation period or using inhaled drug. These limitations could be another reason why VEGF didn't differ between study and control group. Smoking and existence of COPD have an important role in carcinogenesis, so the relationship of these conditions and serum Ang-2 and VEGF levels should be investigated carefully in patients with lung cancer.
Previous studies showed that serum levels of Ang-2 and VEGF levels were increased significantly according to stage progression. However, another studies showed that Ang-2 levels were associated with stage progression without VEGF relation (4, 6, 10) . Additionally, some studies that serum VEGF level was not an independent factor for survival have been published in the literature (14) . Nonetheless, a study shown that Ang-2 was a useful clinical marker for detecting NSCLC with distant metastasis and it was of potential prognostic value in contrast to VEGF (4). In another study including 236 patients with NSCLC, positive Ang-2 expression had been found related to poor prognosis (10) . In contrast to these previous studies showing Ang-2 and VEGF can be correlated with staging and prognosis, we determine three cut of values according to sensitivity and specificity for Ang-2. Patients with SCLC survival decreased above all cut-off values without significance but it would be more accurate to connect this result to aggressive nature of this cell type. In NSCLC group survival weren't related to mediator's level.
VEGF and Ang-2 levels were not affected to the tumor size, lymph node involvement, staging, the number of distant metastasis and operability in present study as previous studies (4, 5) .
CONCLUSION
In conclusion, we observed that VEGF wasn't useful to predict lung cancer, prognosis or cell type when measured in serum. Although Ang-2 was useful for differential diagnosis it had no effect on survival. Tumor angiogenesis is a complicated process because of heterogeneity of tumor tissue. Because of variability in mediator release it should be more significant to study mediators on tumor tissue.
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